diagnostic technique for the preoperative evaluation of thyroid nodules, there remains the issue of gray-zone nodules that need further diagnostic investigation. To avoid an inappropriate surgical decision, additional preoperative markers have been suggested as being capable of providing prognostic and predictive value, with many as yet under investigation. During the last decade, interest has focused on the potential efficacy of thyroglobulin (Tg) levels to identify preoperative malignancy in thyroid nodules, since it is an easily accessible and low-cost method.
The serum Tg level is believed to be a useful marker for the detection of well-differentiated thyroid cancer recurrence. However, its role as a predictor of thyroid malignancy in the preoperative workup of patients with thyroid nodules as yet remains controversial. Some studies have reported that in patients with indeterminate FNAB, Tg can be useful to detect thyroid malignancy in the preoperative period and for planning the surgical procedure.
1,2 Likewise, in a retrospective analysis including patients with follicular neoplasm, Petric et al noted that in addition to age and presence of a solitary tumor, serum Tg concentration was also useful as an independent predictive marker to make the distinction between a benign and a malign follicular neoplasm. 3 Among other preoperative markers for thyroid cancer, serum thyrotropin (TSH) levels are still under evaluation for the prediction of malignancy in thyroid nodules. Although TSH suppression treatment provides better disease-free survival in high-risk patients with differentiated thyroid cancer (DTC), 4 some studies show no relationship between high TSH levels and thyroid malignancy. 5 In contrast, in their recent study McLeod reported an association between high TSH levels and a higher stage of differentiated thyroid cancer. 6 Furthermore, a correlation was found between TSH levels and extrathyroidal extension of thyroid cancer as well as neck node metastases. 6, 7 Not only indeterminate cytology but also certain other suspicious findings in thyroid FNAB are still a matter of discussion among endocrine surgeons. This debate is of great importance with respect to the determination of the most appropriate treatment procedures with, more specifically, the objective of reducing the number of unnecessary thyroid surgeries and the extend of the surgical procedure. Therefore, reliable predictive factors for malignancy are still warranted to avoid further interventions. 3, 8, 9 This study aimed to investigate the efficacy of preoperative Tg and TSH levels for prediction of thyroid malignancy in patients undergoing thyroid surgery.
PATIENTS AND METHODS
Between January 2014 and January 2015, all patients who underwent thyroid surgery were included in the study. Those patients with a diagnosis of medullary thyroid cancer or with elevated antithyroglobulin antibody (TgAb) and very elevated TSH were excluded, while patients with high-normal or slightly higher than normal TSH levels were included in the study. The study was approved by the Ethical Committee of Sisli Etfal Training and Research Hospital (491-9-2013) and informed consent was waived. Data were collected prospectively. Demographic features, type of thyroid disorder, any medication that can affect thyroid hormone levels, FNAB results, surgical procedures and histopathological examinations were recorded. In all patients, preoperative FT3, FT4, thyrotropin, Tg, TgAb and antithyroid peroxidase (TPO-Ab) levels were measured preoperatively. FNAB results were classified into five categories: nondiagnostic, benign, indeterminate, suspicious for malignancy and malignant. All patients were divided into two groups (benign group and malignant group) according to the final histopathological results.
THyROId HORmONE mEASUREmENTS
Plasma thyroid hormones (FT3, FT4, TSH) were analyzed using electrochemiluminescence (ECL) immunoassays. The normal values of thyroid hormones ranged between 2.7 and 5.7 pg/mL for FT3, between 0.7 and 1.7 ng/dL for FT4 and between 0.2 to 4.7 IU/ mL for TSH.
Tg, TgAb and TPOAb levels were measured using ECL assays (Elecsys, COBAS, e411, Roche Diagnostics GmbH, Germany). The reference range for Tg, TgAb and TPOAb were 1.4-78 ng/mL, 0-115 IU/mL, and 0-35 IU/mL, respectively.
STATISTICAL ANALySIS
All patients were divided into the two groups: benign or malignant neoplasm of the thyroid gland (DTC); papillary thyroid carcinoma (PTC) or follicular thyroid carcinoma (FTC) according to the histopathological examinations. Numerical variables were expressed as mean ± standard deviation (SD) or median (range) based on distribution pattern, while categorical variables were presented as absolute values and percentages. Differences between continuous and categorical variables were assessed by Student's t test for normally distributed variables and the MannWhitney U test for non-normally distributed variables, and Fisher's exact test or the chi-square test, respectively. Univariate and multivariate analyses were carried out to identify variables associated with DTC. The receiver operating curve (ROC) analysis was performed to determine cut-offs of measured variables that were significant for predicting DTC. A P value less than 0.05 was considered statistically significant and all analyses were performed using SPSS, version 20 (Statistical Package for the Social Sciences Inc, Chicago, IL, USA).
RESULTS
There were 242 patients with a mean age of 48.2±11 years who underwent thyroid surgery during the study period. Only 202 patients (169 female and 33 male), who met the inclusion criteria, were enrolled in the study. Of these patients, 134 had a final histopathological diagnosis of benign thyroid diseases, while 68 patients were confirmed with DTC. The malignant group included 62 PTCs (32 micropapillary carcinoma and 10 PTC with follicular variant), 5 FTC and one patient with metastatic renal cell carcinoma to the thyroid gland. Benign pathologies were composed of adenomatous nodular hyperplasia (n=74, 55%, concomitant lymphocytic thyroiditis: 22 and oncocytic changes: 15), follicular adenoma (n=23, 17%) and others (n=37, 27%) ( Figure 1 ). Demographic and risk factors for thyroid cancer such as radiation exposure or family history were similar in both groups. Table 1 shows the types of thyroid disorders and surgical procedures in detail. Only four patients underwent completion thyroidectomy. Preoperative mean values of FT3 and FT4 results were in the normal range in the benign and malignant groups (3.5±1.1 pg/mL and 3.6±1.2 pg/mL, 1.2±0.4 ng/dL and 1.2±0.3 ng/dL), respectively. Eight patients were under medical treatment for toxic nodular goiter and nine patients were taking medication for hypothyroidism. In both groups, mean anti-thyroid peroxidase (anti-TPO) levels were above the normal range (47±9.5 IU/mL and 53±15 IU/mL), whereas mean anti-Tg values were found to be within the normal range (29±3 IU/mL and 41±12 IU/mL). Mean levels of thyroid antibodies including anti-TPO and TgAb were similar between groups (Table 1) . The serum Tg level was found to be significantly higher in the benign group (64 ng/mL vs 20 ng/mL, p<0.001) (Table 1) . Meanwhile, the rate of elevated Tg levels was 41% in the benign group, whereas it was 32% in the malignant group (p=0.073). TSH levels were observed to be similar (1.4±1.2 IU/mL vs 1.9±2.5 IU/mL, p=0.257). While the median Tg:TSH ratio was not statistically significant (43 vs 17, p=0.07), the median TSH:Tg ratio was significantly higher in patients with DTC (0.04 vs. 0.02, p=0.024). However, the ROC curve analysis failed to show a a validated cut-off value which would allow preoperative diagnosis of thyroid cancer.
The results of the univariate and multivariate analyses are listed in Table 2 . Univariate analysis showed that the TSH:Tg ratio was a predictor for thyroid malignancy (OR 0.001; 95% CI, 0.01-0.125; p=0.007) in combination with the FNAB results. When these parameters were included in a multivariate model, after adjustment for age and sex, it was no longer statistically significant. With regard to the preoperative FNAB results, nondiagnostic or indeterminate pathology was detected in 42 patients. Of these, in 14 patients (33%) malignant thyroid disorders were confirmed following the final histopathological examination. Those patients with an FNAB that resulted in a suspicious for malignancy or a malignant thyroid nodule (n=48) had both higher TSH levels (2.0 IU/mL vs 1.4 IU/mL, p=0.08) and a higher thyrotropin:thyroglobulin ratio (0.9 vs 0.3, p=0.093). The rate of malignant thyroid disorders in these patients was 87%.
dISCUSSION
Although there have been several studies investigating the association between preoperative Tg and TSH levels and malignant thyroid disorders, neither of them has so far been demonstrated as having sufficient accuracy to be used as a screening test. 10 The present study confirms that the simultaneously increased levels of both Tg and TSH are not useful in predicting thyroid malignancy in the preoperative period. By contrast, Tg levels were significantly lower in patients with DTC. In addition, recent studies have demonstrated an inverse or direct relationship between the DTC and Tg:TSH ratio 11 or the TSH:Tg ratio. 12 In our study, we consistently observed a direct correlation between the TSH:Tg ratio and DTC, whereas no relationship was found with the Tg:TSH ratio.
A number of diagnostic procedures are needed to prevent unnecessary surgery. While ultrasonographyguided FNAB is still the most widely used diagnostic tool for thyroid cancer, [13] [14] [15] one of the reasons for inconclusive results is its low-sensitivity, particularly for certain disorders. [15] [16] [17] Apart from the fact that FNAB results not infrequently include indeterminate cytology and suspicious findings for malignant thyroid nodules, FNA biopsy needs a highly qualified cytopathologist who will guide the clinician to consider other additional diagnostic methods. There have been several studies showing the benefits of measuring Tg levels in patients with indeterminate FNAB cytology.
1 In our study, preoperative Tg levels were not significantly higher in this group of patients. Another challenge related to FNAB indeterminate specimens is that most of the final pathological results for these nodules reveal benign findings, as shown in patients with thyroid cancer, McLeod et al showed that the risk of thyroid cancer was two-fold higher in patients with increased TSH levels. 6 The most recent version of the ATA guidelines also highlight the association between higher serum TSH levels and increased risk of malignancy in a thyroid nodule. 36 There are also some studies showing a direct correlation between higher serum TSH levels and higher tumor stage. 31, 37 Currently, there is increasing interest in the development of novel, easily applied markers that have the potential to enhance our ability to predict thyroid malignancy in the preoperative period. Today, preoperative serum markers (Tg, TSH and thyroid antibodies) are attracting growing interest among clinicians because they are fairly accessible tests, faster and low-cost by contrast with other methods. However, they have demonstrated suboptimal accuracy in discriminating malignant from benign nodules. Recently, Wang et al investigated the role of the thyrotropin:thyroglobulin ratio to predict malignancy and found that it was significantly higher in patients with DTC, 12 whereas Cohen et al showed a significantly lower Tg:TSH ratio with a cut-off value of 2.7 in patients with malign disorders. 11 With regard to our results, TSH:Tg was significantly higher in the malignant group, whereas Tg:TSH was found to be lower in the malignant group, showing no statistically significant difference. Although TSH was not statistically significant between groups, the mean level of TSH was higher in the malignant group. This means that higher TSH levels and concomitant lower (normal or high-normal) Tg levels should alert the clinician to the possibility of thyroid cancer.
Our study has several strengths, including its prospective design, the large number of patients with DTC and the exclusion of those with high TgAb and very elevated TSH levels requiring higher doses of antithyroid medication. Limitations included lack of data on nodule features from the ultrasonographic findings and the tumor diameter, which can have a correlation with these parameters, were not recorded.
CONCLUSIONS
Despite a growing amount of information regarding preoperative markers for the prediction of thyroid our study. [18] [19] [20] Histopathological results confirmed malignancy at a rate of 33% for our series. Another factor associated with false negative FNAB and subsequent unnecessary surgery is incidental microcarcinomas, with a rate reaching 40%. 21 In this study, the rate of micropapillary thyroid carcinoma was almost 50%.
Given the aforementioned limitations of FNAB, several other potentially predictive factors have been studied for the detection of malignancy risk in thyroid nodules. Particularly molecular markers, such as BRAF mutations in a FNAB specimen, are expected to have a significant impact on cancer prognostication and are increasingly being resorted to for inconclusive cases. 22 Other molecular markers, including galectin-3 and cytokeratin-19, have been also been used to improve diagnostic accuracy for indeterminate nodules. [23] [24] [25] Nevertheless, concerns about accessibility and costeffectiveness still impede the widespread use of these markers in the clinical setting. Several articles have assessed the role of preoperative serum hormones, antibodies and a number of proteins for predicting malignancy in thyroid nodules. However, the diagnostic role of these markers (thyrotropin, TgAb, etc.) and Tg remains debatable. Serum Tg level is not specific for thyroid cancer and can also be detected at elevated levels in several proliferative thyroid disorders.
1, 26 Neither the ATA nor the AACE/ETA/AME guidelines recommend the assessment of serum Tg in the diagnosis of thyroid nodules. 27 Likewise, several studies have shown preoperative Tg measurement to be useless because it is too weak to distinguish between malignant nodules and benign, 1,26,28,29 whereas others have noted its potential to predict thyroid malignancy in the preoperative period. 2, 3 Conversely, some other series, including the present study, have reported lower Tg levels in patients with thyroid malignancy compared to those with benign disorders. 11, 29 Thyrotropin is another popular biomarker considered to be a predictor for differentiated thyroid cancer. 30, 31 However, although it was demonstrated that DTCs express TSH receptors, 32 the issue is still under discussion. Some studies showed an increased risk of malignancy in a thyroid nodule with high serum TSH, 6, 7, 30, 31 whereas others reported no relationship. 10, [33] [34] [35] In a meta-analysis including over 5000 cancer preoperatively, an increased level of serum Tg or TSH appear w not to be useful to predict malignant thyroid disorders. However, TSH:Tg ratio was found to be significantly increased in patients with thyroid cancer but it was not shown to be an independent predictor. Large-scale prospective studies or meta-analyses will yield more conclusive evidence to clarify this issue.
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